INtroductIoN
Developmental plasticity can often be regarded as the counterpoint of adult homeostasis. Indeed, during embryonic development, numerous phenotypic transitions take place to ensure the correct formation of different tissues and organs. In particular, epithelial to mesenchymal transitions (EMTs) are crucial for the development of many tissues, including the mesoderm and the neural crest. 1 Snail genes are fundamental for the induction of the different EMT events that occur during embryonic development. 2 Indeed, Snail induces the conversion to mesenchyme by regulating a plethora of downstream genes, repressing epithelial markers, activating mesenchymal markers, and producing the reorganization of molecules involved in cell shape changes and in promoting cell motility and invasion (reviewed in ref. 2) . Interestingly, the majority of the mesenchymal cells produced during early embryonic development subsequently undergo the reverse process (MET) to generate terminally differentiated adult epithelia. This is certainly the case in the kidney, which develops after a series of METs accompanied by the inactivation of Snail genes as described recently. 3 Epithelial homeostasis can be disrupted by reinitiating EMT in the adult leading to the development of epithelial tumors and organ fibrosis. 4, 5 Since reactivation of Snail genes is sufficient to induce tumor progression and fibrosis 2, 3, 6 (Fig. 1) , inhibiting Snail expression may be a promising strategy to prevent or reverse these pathological conditions commonly associated with ageing and/or degenerative diseases.
rEPrEssIoN oF Snail GENEs durING rENAl oNtoGENEsIs
Two independent mesodermal populations are involved in the formation of the mammalian kidney: the intermediate mesoderm and the metanephric mesenchyme. Renal tubular epithelial cells and collecting duct cells differentiate from these mesodermal populations through MET. 7 Our analysis of Snail gene expression during kidney ontogenesis indicated that Snail1 and Snail2 are present in both these mesodermal populations and that they are down-regulated just prior to epithelial differentiation. 3 Differentiation occurs upon the up-regulation of HNF-1b, which in turn activates the kidney-specific adhesion molecule, Cadherin-16 (ksp-cadherin). Indeed, both Snail proteins are direct repressors of HNF-1b transcription and thus, they indirectly prevent the expression of Cadherin-16 3 and renal epithelial differentiation.
Snail1 and Snail2 arose from the duplication of an ancestral Snail gene 8 and as shown both in vitro and in vivo, they may be functionally equivalent. 9, 10 Accordingly, the overlapping expression of the two family members in the nephrogenic mesenchyme 3 may explain why mice carrying a loss-of-function mutation of Snail2 do not display significant defects in kidney development. 11, 12 In these mice Snail1 is probably sufficient for the correct spatio-temporal localization of HNF-1b and Cadherin-16 during the differentiation of renal epithelia.
Given that Snail genes are downregulated during the MET involved in renal development, it is tempting to speculate that inducers of MET repress Snail. In Xenopus laevis, antisense morpholino injection or pharmacological inactivation of FGF8 prevents the pronephric mesenchymal primordium from undergoing the MET required to form a polarized pronephric tubule. 13 This is consistent with the severe renal hypoplasia and deficiencies in nephron formation induced by the conditional inactivation of FGF8 in the mouse. 14 In addition, BMP7 also plays an important role in the modulation of MET. 15, 16 BMP7 is secreted by the bud tip cells and the condensed mesenchyme 17 but not by the metanephric undifferentiated mesenchyme where Snail genes are specifically expressed. This suggests that BMP7 may participate in the downregulation of Snail genes concomitant with renal mesenchyme differentiation. On the basis of these data, it will be interesting to analyze whether FGF8 and BMP7 might function as Snail repressors during kidney morphogenesis.
INvolvEMENt oF Snail GENEs IN HuMAN rENAl cArcINoMA
EMT is recognized as a crucial event during tumor progression and it has been correlated with aberrant Snail expression in carcinomas of different origins (reviewed in ref. 2) . Snail activation correlates with the loss of E-Cadherin, which is associated with poor prognosis. 18 Since this issue has not been addressed in renal cancer, we wondered whether pathological activation of Snail might also occur in renal carcinomas. Hence, we analyzed the expression of Snail in biopsies from patients with kidney tumors that also contained normal adjacent tissue. As expected, 3 no Snail1 or Snail2 expression was observed in the normal adult kidney tissue, however, activation of Snail2 (Fig. 2 ) but not Snail1 (not shown) was detected within the tumor. Snail2 expression was observed in de-differentiated areas that had lost E-Cadherin and Cadherin-16 expression (Fig. 2) . The loss of both these Cadherins was concordant with our recent finding that Snail not only represses E-cadherin expression but also that of Cadherin-16, albeit through different mechanisms. 3 It is noteworthy that Snail2 rather than Snail1 is activated in the tumor. However, this may not be surprising if we take into account the ontogeny of this renal tissue in which Snail2 is more prominently expressed than Snail1, and that both genes may be functionally equivalent. Thus, as in breast tumors, 19, 20 Snail is likely to influence the progress and potential for recurrence of renal carcinoma and the reactivation of its expression probably accounts for the loss of E-Cadherin and Cadherin-16 during tumor evolution. [21] [22] [23] [24] We observed large areas in the tumor where E-Cadherin and Cadherin-16 had been lost. To gain further insight into the changes that occur during tumor development, we analyzed the expression of these two Cadherins in the normal tissue adjacent to the tumor. To identify nephron segments, we combined our analysis with PNA and LTA lectin staining as markers of the distal and proximal renal tubules, respectively. 25, 26 As described previously, the collecting ducts and the distal tubules (PNA labeled) expressed both E-Cadherin and Cadherin-16, 24,27 whereas E-Cadherin was absent from the proximal renal tubules. 28 While Cadherin-16 expression has previously only been observed in distal tubules in humans, 24 we also detected Cadherin-16 expression in both human and mouse proximal tubules (Fig. 3) . This data is consistent with that obtained in the rabbit 29 and from mice expressing a Cadherin-16 reporter gene. 30 Since E-cadherin is not expressed in the proximal tubules, the repression of E-Cadherin in undifferentiated areas of the tumor by Snail is consistent with the proposal that E-cadherin-expressing distal tubules 28 may also participate in clear cell renal carcinomas, as well as the proximal tubules. 31 Furthermore, since proximal and distal tubules express Cadherin-16 and Snail downregulates Cadherin-16 expression, 3 Snail reactivation would induce the loss of cadherin and EMT in the proximal tubules. Thus, aberrant Snail expression may play a significant role in the loss of epithelial characteristics and the dedifferentiation associated with renal carcinoma progression.
INHIBItING sNAIl1 ActIvAtIoN IN tHE Adult KIdNEy: A NEw strAtEGy to trEAt rENAl FIBrosIs?
Fibrosis is instrumental in the progressive loss of kidney function that occurs in many conditions including glomerulonephritis, diabetes, urinary tract obstruction and chronic rejection of transplanted kidneys. The progression of chronic kidney disease (CKD) is irreversible and currently, the only treatment available is dialysis or 3 In the mouse, Snail not only provoked the loss of epithelial characteristics in kidney tubular and collecting duct cells, but it also induced the expression of vimentin, smooth muscle actin and the deposition of collagen fibers (Fig. 4) . Strikingly, cysts were readily observed in these fibrotic kidneys. Given that Snail directly represses HNF-1b 3 (Fig. 4) , our findings are compatible with the development of cystic renal disease in mice and humans with defects in HNF-1b. 34, 35 It is worth mentioning that Snail may also play an important role in other fibrotic diseases (see discussion in ref. 3) . Although a causal role for Snail has not yet been demonstrated in mesothelial fibrosis, it is interesting that Snail is activated during the EMT observed in mesothelial cells of patients subjected to peritoneal dialysis. 36 Elevated levels of TGF-b are commonly seen in patients with renal fibrosis. 37 Indeed, evidence from mouse models suggests that an increase in TGF-b participates in the renal fibrosis that is induced after unilateral ureteral obstruction (UUO). Accordingly, mice lacking Smad3, a signaling molecule downstream of TGF-b receptors, are protected against the induction of renal fibrosis. 38 Moreover, systemic injection of BMP7, an endogenous TGF-b antagonist, can revert the fibrotic lesions developed after UUO 39 providing a very promising strategy to treat renal fibrosis. Finally, a synthetic vitamin D analogue (paricalcitol), also attenuates UUO-induced renal fibrosis by suppressing the expression of TGF-b and of its type I receptor 40 (Fig. 4) . TGF-b is a well known and potent inducer of Snail 2 and interestingly, the expression of Snail usually observed in UUO-induced renal fibrosis is absent in Smad3 null mice. 38 Furthermore, paricalcitol inhibits the TGF-b-mediated induction of Snail in vitro 40 and it also increases the levels of the vitamin Kidneys dissected from paraformaldehyde-perfused mice or obtained from patients at nephrectomy were hybridized with E-Cadherin or Cadherin-16 probes as previously described, 3 (both are shown in blue). Subsequently, the sections were subjected to immunohistochemistry for PNA and LTA lectins as markers of distal and proximal tubules, respectively (brown). E-Cadherin is specifically expressed in the distal tubule while Cadherin-16 expression is readily apparent in both the distal and proximal renal tubules. D, distal; P, proximal.
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D receptor (VDR), 40 the expression of which Snail is known to repress. 41 Thus, both BMP7 and paricalcitol may indirectly inhibit Snail expression by abrogating TGF-b signaling and in conjunction, the available data suggest that it is Snail that transduces the deleterious effects of TGF-b during renal fibrosis. Taking into account that TGF-b triggers complex signaling cascades, some of which may be beneficial, inhibiting Snail may prove to be a more specific way to treat renal disease than inhibiting the TGF-b pathways (Fig. 4) .
sNAIl IN Adult rENAl PAtHoloGIEs: tHE rEActIvAtIoN oF dEvEloPMENtAl ProGrAMMEs uNvEIls A cErtAIN dEGrEE oF cEllulAr PlAstIcIty
Besides their involvement in renal fibrosis and the progression of carcinomas, Snail reactivation in renal disease may have more extensive consequences as it was recently shown to repress nephrin expression. 42 Nephrin is another cell adhesion molecule, which is critical for maintaining the integrity of podocytes and preventing the loss of plasma proteins by glomerular filtration. Hence, it is tempting to speculate that Snail activation occurs in nephrotic syndromes.
Regardless of the disease, the reactivation of Snail in adult tissues can be regarded as a return to the embryonic phenotype since Snail appears to fulfill the same function in the adult as in the embryo: conferring epithelial cells with the ability to migrate and invade adjacent tissues. This activity is essential during embryonic development as it allows the precursors of different tissues to migrate to their final destinations. 2 However, during tumor progression Snail expression enables malignant cells to colonize distant territories and form metastases. 2 This is achieved by the aberrant activation of normal Snail proteins, rather than through the appearance of mutations in the Snail coding sequence. In renal fibrosis, the Snail-induced conversion of terminally differentiated tubular epithelial cells into "activated fibroblasts" that can migrate into the interstitial space and deposit extracellular matrix unveils a degree of cellular plasticity in the adult kidney. This unforeseen plasticity may provide a therapeutic opportunity to restore the normal epithelial phenotype by inactivating Snail.
